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I. Foreword
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Composition B is an explosive formulation that has been used for years in bomb fills, grenades
and anti-personnel mines. The material consists of RDX, TNT and wax. Although Composition B
has been a versatile and generally stable material, there are improvements to be made. First of
all, the traditional route to TNT results in an environmentally unfriendly byproduct called "red
water". Secondly, the Department of Defense has mandated that all munitions become compliant
with Insenstive Munitions (1M) requirements. Insensitive munitions are capable of withstanding
accidents, fires or enemy attacks without significant contribution to platform damage. As
Composition B filled warheads do not meet 1M requirements, largely due to the intrinsic sensitivity
of the formulation, replacements for Composition B are being evaluated. 1 In response to this
need, ARL has been developing a series of reduced sensitivity melt cast explosive formulations
that are based on the nitrate salt containing eutectic mixture, DEMN.2

-
5 Two of the components

of DEMN are EDDN and DETN. ARL was able to generate the materials in 25 pound batches but
larger quantities will be needed for explosive qualification.
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IV. Statement of the Problem

The U.S. Army Research Laboratory (ARL) is developing a series of insensitive melt cast
explosive formulations to replace the conventional TNT-based fills. These formulations are based
upon a nitrate salt based eutectic mixture called DEMN. Two components of this DEMN eutectic
are the energetic salts, Ethylenediamine Dinitrate (EDDN) and Diethylenetriamine Trinitrate
(DETN). The manufacture of these salts was previously conducted at ARL in 25 pound batches,
however, for explosive qualification, larger quantities were required. The two DEMN salts, EDDN
and DETN were generated at the Radford Army Ammunition Plant (RFAAP) and delivered to ARL
for use in the DEMN formulation.









not significantly different than that of the DETN synthesis as some of the EDDN plated out onto
the surfaces of the reactor vessel. For expediency of this project, a plan was not developed to
minimize or recover this material. In the future, a process will be put in place to recover this
material. One possible solution would be to simply dissolve the material in the water and amine
solution for the next reaction. The lost material would be recovered with the next reaction and
there would always be some material that remained in the vessel, but this amount of material
would only be lost on the first of a series of reactions. Similarly to DETN, the EDDN purity was
consistently high. The specification for DSC melt was 188 ±2 DC. The results showed that the
greatest deviation from the melt was 0.4 DC which is very good. This indicates that this process
reliably provides a high purity product.

D. Conclusions

The initial scale up of EDDN and DETN were completed at ATK's RFAAP with few issues. More
than 500 Ibs of each material has been made and conformed to the required purity specifications.

Upon completion of this initial work, there are areas identified for improvement in the future. First,
a significant cost savings can be achieved through the elimination of the crystallizing non-solvent.
There are several methods that are being considered to eliminate this costly component of the
process. One such method is to use a prilling tower to obtain the dry, crystallized material directly
from the aqueous reaction solution. A second method is to crystallize the salt directly from the
aqueous solutions. Initial material can be crystallized from the aqueous solution and after
filtration; the solution can be concentrated to allow more material to crystallize. Plans are in place
to complete a small scale study of these options to ensure that product quality could be
maintained with these process changes. Of particular concern is to confirm that although
solvent was used in this process to wash the material, it is not necessary for optimal product
quality.

A second area to improve is the plating of EDDN onto the walls of the reactor. Several options
for this improvement have been identified. The simple solution is to leave the material in the
reactor and allow it to dissolve in the amine and water for the next reaction. It is also possible that
this may not be an issue at all. The reactor used for this work was unlined stainless steel and it is
possible that the crystals will not stick to the walls in the glass-lined reactors at the pilot plant.

A final improvement that will be explored is generation of the two salts simultaneously. The
starting amines will be fed to the reactor in the desired DEMN formulation ratio and the materials
could be generated simultaneously. This would eliminate the processing time that is required for
mixing the materials prior to addition to the formulation and therefore lower cost.
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